Brownfields are properties for which redevelopment is hampered by known or suspected contamination and by concerns about associated liability. Because failing to redevelop brownfields may negatively affect welfare and the environment, a number of states have created voluntary programs to reduce liability risks and encourage redevelopment of brownfields. For clean or remediated properties, the state certifies that owners of such sites are not subject to federal or state liability under certain conditions. Certification could increase nearby property values because of decreased contamination risk and amenities associated with redeveloping the brownfield. This paper focuses on the Site Remediation Program in Illinois, and estimates the effect of brownfields certification on nearby property values. Employing several strategies to account for unobserved and time-varying variables that may be correlated with certification, I find that certification of a brownfield 0.25 miles away raises property values by about one percent. In aggregate, the program has increased nearby property values by about two percent.
Introduction
In 1980, Congress passed the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), which created the Superfund program. The U.S. Environmental Protection Agency (EPA) can initiate cleanup at sites that pose the greatest threat to human health and the environment. Under the program, property owners and other parties are potentially liable for the cleanup costs, but in many cases public money has been used for cleanup. Since its beginning, considerable debate has focused on the magnitude of the program's benefits. Greenstone and Gallagher (2008) estimate the effect of cleanup on residential property values and conclude that the benefits are smaller than the fiscal costs. However, Gamper-Rabindran and Timmins (2012) find much larger benefits for residential properties located very close to the sites.
The concept of brownfields, which are the focus of this article, arose from the Superfund program. EPA's definition of a brownfield is a property for which -the expansion, redevelopment, or reuse … may be complicated by the presence or potential presence of a hazardous substance, pollutant, or contaminant.‖ 1 By the mid-1990s, it was apparent that potential liability under CERCLA and similar state laws was affecting the resale and redevelopment of brownfields (Higgins 2008; Wang and Godwin 2009) . To respond to these concerns, EPA and many states began programs to assess and clean up brownfields and to certify that owners would not be subject to litigation under certain conditions.
The brownfields literature suggests that these programs may correct a market failure that causes insufficient redevelopment from a social welfare perspective. Potential liability under CERCLA reduces the value of a brownfield property. If the market value of the property falls  This work was performed under a subcontract with the University of Illinois at Chicago and was made possible by grant number TR-83418401 from the U.S. Environmental Protection Agency. Its contents are solely the responsibility of the author and do not necessarily represent the official views of the U.S. Environmental Protection Agency. Daniel McMillen generously provided the property data used in the paper. Emily Silver and Adam Stern provided excellent research assistance. Author's email: linn@rff.org. 1 See EPA brownfields definition: http://www.epa.gov/brownfields/overview/glossary.htm.
2 accordingly, the amount and type of redevelopment of the brownfield should be welfaremaximizing. However, property values may not fall enough to encourage optimal redevelopment for several reasons, such as asymmetric information between buyers and sellers and excessive liability costs (Boyd et al. 1996; Chang and Sigman 2007; Wernstedt et al. 2006) . In that case, by reducing concerns about liability and pollution, a brownfields certification program could reduce inefficiency. Despite these theoretical arguments, empirical research has found mixed evidence on the benefits of certification programs. A few studies examine the determinants of participation in state voluntary programs (e.g., Alberini 2007; Blackman et al. 2010) . Although litigation costs do affect redevelopment (Sigman 2010) , the remediation and certification of brownfields does not affect their property values (Alberini 2007) .
2 Whereas these studies focus on the brownfields themselves, certifying and redeveloping brownfields could affect the value of other, nearby, properties. As with Superfund sites, the cleanup can improve human health and the environment surrounding the brownfield, although this effect is likely to be significantly smaller than for Superfund sites because brownfields tend to be less contaminated. Probably more important is the amenity value of cleaning and redeveloping a brownfield. For example, values of nearby properties may have been depressed because the brownfield was a vacant lot; replacing the abandoned site with a new business or house, for example, could raise the value of nearby properties. Some estimates suggest that there may be tens of thousands of brownfields across the United States, many of which are located in urban areas. Because many states have initiated brownfields remediation and certification programs, the aggregate effect of these programs on property values could be quite large.
Estimating the effects of brownfields cleanup or certification on nearby property values faces two main challenges. First, the effects are likely to be very local, which creates a need for precise information about the location of brownfields relative to other properties. GamperRabindran and Timmins (2012) and Davis (2011) demonstrate the importance of estimating local effects in the context of Superfund and the siting of electric power plants. These results suggest that brownfields may affect property values at very local scales, perhaps within a few blocks.
Second, unobserved variables correlated with brownfields and reverse causality are two likely sources of bias. In particular, the presence of a brownfield is likely to be correlated with local (dis) amenities; failing to control for local amenities would bias estimated effects of cleanup or certification. 3 Furthermore, the value of remediating or certifying a brownfield increases with nearby property values, so that rising nearby property values increase remediation or certification; that is, the direction of causality could be from nearby property values to certification, raising the possibility of a spurious result. Just a few studies have examined the effects of brownfields remediation or certification on nearby residential (e.g., Leigh and Coffin 2005) and commercial and industrial (Ihlanfeldt and Taylor 2004) properties, but the existing brownfields literature has only partially addressed the omitted variables issue and has not addressed the reverse causality issue. The main hypothesis to be tested is that the certification of a brownfield raises nearby residential property values. I use three primary data sets that contain (a) sales prices and characteristics of all single-family homes in Cook County, Illinois, which includes the city of Chicago and a number of suburbs; (b) the location, application date, and certification date of all sites in the SRP; and (c) the location and important dates for all sites in the Comprehensive Environmental Response, Compensation, and Liability Information System (CERCLIS) database, which includes all sites EPA has investigated for potential remediation under Superfund. I focus on the certification of SRP sites rather than remediation or redevelopment because of data limitations.
I use a hedonic price function to estimate the effect of certification on sales prices of nearby properties. I regress a property's sales price on the density of nearby brownfields that have been certified (Section 3 provides a precise definition of density). For two reasons, a standard hedonic regression of sales prices on brownfields density and property characteristics is likely to yield biased estimates. First, many brownfields are located near old industrial sites, and residential property values tend to be lower in industrial areas. Therefore, a simple crosssectional regression of property values on certification density would be downward biased; I refer to this bias as arising from the correlation between brownfields density and local amenities.
The most common approach to controlling for local amenities in the brownfields hedonic literature is to include Census tract fixed effects (e.g., Leigh and Coffin 2005) or fixed effects at higher levels of aggregation (e.g., zip code). This approach, however, does not address the possibility that local property value trends are correlated with amenities and brownfields density.
Second, the benefit to the owner of certifying a brownfield increases with nearby property values. Sites located in areas with rising property values are therefore more likely to enter the program and receive certification. This raises the possibility of reverse causality, where rising property values cause certification. This issue is particularly important because it suggests that a standard approach to reducing omitted variables bias in a hedonic analysis-by including property fixed effects (i.e., a repeat sales estimator)-would not be sufficient. The problem is that certification is correlated not only with the level of property values but also with trends. The existing hedonic papers on brownfields have not addressed reverse causality.
Several recent Superfund papers have addressed these issues using an instrumental variables strategy that compares sites based on the EPA's evaluation of contamination at each site. Unfortunately, information about contamination is not available for the SRP; this problem is not unique to the SRP, as states seldom provide contamination information. Therefore, I implement a strategy that combines the approach that Gibbons and Machin (2005) use to estimate the effect of public transportation on property values, with the approach that Bajari et al.
(forthcoming) use to estimate the effect of air quality on property values. First, I take advantage of the availability of two brownfields databases-CERCLIS and the SRP-and the fact that most sites in the CERCLIS database were evaluated prior to the beginning of the SRP. Analogously to Gibbons and Machin (2005) , I condition on the density of CERCLIS sites near the property to The results provide some evidence of larger effects, of about 4-5 percent. These estimates are considerably smaller than regression models that use more aggregated fixed effects to control for local amenities, such as neighborhood fixed effects, and regression models that do not account for reverse causality. This comparison demonstrates the importance of accounting for the correlation between local amenities and brownfields and for reverse causality.
The 2 percent increase corresponds to an increase in total property values of about $2.3 billion (compared to 2007 levels) for the properties in the sample. However, care should be taken when interpreting this estimate because it accounts for the effect of the SRP only on properties located close to the brownfields. The program may have affected other property values in Cook County or elsewhere by affecting redevelopment patterns in the region; the empirical analysis is not able to identify such effects.
I also find that entry in the program, as measured by the date of application, has a positive effect on property values. The effects of both entry and certification may occur with a lag of several years. These results are reasonably robust to a variety of other specifications, including implementing the Bajari et al. estimator. In sum, these findings suggest that the SRP has at least partially undone the stigma (Dale et al. 1999 ) and liability (Sigman 2010) problems associated with brownfields.
The remainder of the paper is organized as follows. Section 2 provides brief descriptions of the Superfund program and the SRP, along with summary statistics on the location and important dates for each site in CERCLIS and for each site in the SRP database. Section 3 describes the empirical strategy and presents summary statistics about property values and characteristics. Section 4 reports the estimation results and Section 5 concludes.
Background on CERCLA and the SRP
In the remainder of this paper, a brownfield refers to a site in the SRP or an archived site in CERCLIS. This section briefly describes the two brownfields databases and provides summary statistics from them.
CERCLA
Under CERCLA, the EPA is informed about a potentially hazardous site and enters the site in CERCLIS. The EPA assesses the site's contamination and risks to human health and the environment. Based on this assessment, the most contaminated and risky sites are placed on the National Priorities List (NPL), and a subset of the NPL sites are cleaned up. 
Summary Statistics from CERCLIS and the SRP Database
The analysis in this paper is based on two data sets on brownfields, the first constructed from the EPA's CERCLIS and the second from the IEPA's SRP database. The CERCLIS data include all sites that the EPA considered for inclusion on the NPL. Because the data do not 8 include information on contamination or cleanup, I focus on two events: a site's entry in either database and its archiving (for CERCLIS sites) or certification (for SRP sites).
For the CERCLIS data, entry is defined as the first recorded event in the EPA database.
The other event I use is the year in which the site is archived, which means that the EPA has determined that the site should not be included on the NPL. 6 Of the 593 Cook County sites in the CERCLIS data, 444 have been archived. Panel A in Figure 1 shows that most of the entry occurred in the 1980s and early 1990s. Archiving peaked in 1995, which reflects EPA's effort to archive sites that had previously been evaluated and for which no subsequent federal Superfund activity would occur.
The SRP data contain 2,916 Cook County sites, including 111 CERCLIS sites. Entry is defined as the date on which the site was first listed in the SRP, and certification is defined as the date on which the NFR letter was issued. Panel B in Figure 1 shows that the rate of entry rose gradually after the program began in 1989 and accelerated in the late 1990s and early 2000s.
Certification followed a similar pattern with a delay of a few years; for the sites that were certified by 2011, the average time between entry and certification is two years. Thus, Figure 1 shows that most CERCLIS sites were archived before the SRP sites entered that program. CERCLIS sites tend to be located in areas with many SRP sites.
Estimation Strategy and Property Data

Estimation Strategy
Similarly to the Superfund literature (e.g., Gamper-Rabindran and Timmins 2012), I estimate a hedonic function in which the sales price of a property is the dependent variable and the property's proximity to brownfields is the main independent variable of interest. This section addresses three issues: (a) whether to analyze entry or certification, (b) how to measure a property's proximity to brownfields, and (c) how to address omitted variables bias and reverse causality.
As the introduction noted, a brownfield can affect the value of a nearby property in at least two ways. First, a property owner may be concerned about the environmental or health effects of being located close to a brownfield. The effect of certification on property values is likely to be larger for Superfund sites than for brownfields because of their lower level of contamination. Nevertheless, uncertainty about contamination and risk aversion by nearby property owners or potential buyers of such properties could cause certification to have a large effect on nearby property values.
Second, concerns about potential liability may prevent the brownfield from being sold or redeveloped. This could reduce the value of a nearby property for many reasons, for example because the undeveloped site is physically ugly or because the redeveloped site would provide an amenity such as a park; thus, failure to redevelop the site reduces the value of the nearby properties compared to the value if the site were to be redeveloped. Although a single brownfield may have a small effect on the value of a particular nearby property, the cumulative effect could be large if many brownfields are near the property. Figure 2 shows how clustered the brownfields are in Cook County, which suggests that the aggregate effect of certification could be large for some properties. Because of both effects of brownfields on nearby property values, I expect that certification would have a positive effect on nearby property values-it would reduce potential buyers' concerns about contamination and would spur nearby redevelopment.
On the other hand, the effect of a site's entry into the SRP on nearby property values depends on how property owners and potential buyers interpret the entry. Consider a particular site, labeled S, the owner of which elects to enter the SRP. Suppose that the likelihood of contamination at S is information held privately by the owner, and that nearby property owners and buyers of such properties initially believe that the probability of contamination at S is zero. Suppose further that if S enters the SRP, cleanup costs have some probability of being sufficiently high that the owner elects not to clean up the property and receive certification.
When owners of nearby properties and potential buyers of such properties observe S entering the SRP, they update their belief about the probability that the property is contaminated. The effect of entry on nearby property values would be negative if the updated probability of contamination and the probability of failing to receive certification are sufficiently high; otherwise the effect of entry is positive. Because the effect is ambiguous, the empirical analysis focuses on the effect of certification on nearby property values, although I also report results for entry.
Thus, the objective is to estimate the effect of certification of a nearby brownfield on the value of a property. As in all previous hedonic studies on Superfund or other potentially contaminated sites, it is necessary to define -nearby‖-that is, to use a measure of a property's proximity to a brownfield. The main objective is to define a variable or set of variables that captures the density of brownfields close to a particular property. As Figure 2 suggests, if a property is close to one brownfield, say within a mile, it is probably close to more than one brownfield. Therefore, it is not appropriate to use variables based on the distance to the nearest site (e.g., as in Ihlanfeldt and Taylor 2004) , such as a simple dummy variable indicating whether the property is within a certain radius of the brownfield, or the log of the distance to the closest brownfield; such measures would not capture the density of nearby brownfields.
An alternative is to construct a set of count variables equal to the number of brownfields within a given radius. For example, let  is an indicator variable that is equal to one if brownfield j was certified in year t . The summation is taken over all sites within 1.5 miles under the assumption that brownfields located further away do not affect property values. The gravity index places greater weight on nearby sites compared to those further away and, compared to the count variables, has the advantage of using a single variable to measure brownfields density. On the other hand, the gravity measure imposes the assumption that the effect of the brownfield varies inversely with the distance between the property and the site. Although a similar assumption has been made in previous analyses (e.g., Ihlanfeldt and Taylor 2004) , it does impose a restriction on the relationship between brownfields density and property values. Because of these trade-offs, I
compare results using either the gravity measure or the count variables.
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A standard hedonic equation would model the effect of certification on nearby property values, conditional on characteristics of the property
where is the main coefficient of interest; i X is a vector of characteristics of the property (which the next subsection specifies) with coefficient vector  that represents the implicit prices of the property characteristics under standard assumptions (Rosen 1974 For several closely related reasons, the estimate of in equation (2) is likely to be biased.
First, proximity to a brownfield is probably correlated with unobserved property characteristics.
For example, brownfields are often located in previous or current industrial areas, in which residential properties tend to have low amenities-such as school quality-and therefore low property values. Importantly, local amenities may be correlated with levels or trends in property values. Omitting variables related to proximity to industrial areas, or omitting local amenities more generally, would lead to biased results. 7 The functional form assumption embodied in the gravity index may be least appropriate for properties located very close to brownfields. For example, certification of 3 sites 0.1 miles from the property has the same effect on the index as the certification of 15 sites 0.5 miles away, yet it is plausible that the latter would have a larger effect in practice. Consequently, in the estimation I omit observations for properties that are in the 99th percentile for the gravity index, which eliminates most properties located very close to numerous brownfields. This restriction does not affect the estimated total effect of the SRP on property values, but it dramatically reduces the standard errors. The results are also insensitive to other restrictions, such as omitting properties within 0.125 or 0.25 mile of a site.
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The second reason for potential bias is reverse causality. The owner of a brownfield elects to enter the SRP if the expected benefit outweighs the expected cost, where the benefit includes the value of redeveloping the property and the cost includes administrative and cleanup costs. Suppose that property values in a neighborhood are improving. This raises the value of redeveloping a brownfield, and therefore the value of entering the SRP and receiving certification. Therefore, increases in the dependent variable could cause SG it to increase, in which case would be biased away from zero. 8 Finally, characteristics can change over time, and coefficients on characteristics can also change. McMillen (2008) reports changes in coefficients for Cook County using the same data and a similar time period. Assuming constant characteristics ( i X ) and coefficients (  ), as in equation (2), would bias  . To specify more precisely the implications of the three issues, I decompose the error term in equation (2) into a component that is correlated with independent variables in equation (2), it  , and a component that is not,
One approach to reducing bias is to compare properties that are located close to a brownfield with properties that are located further away-presumably, outside the effect of the brownfield. The underlying assumption is that it  is uncorrelated with the independent variables for properties located close to one another. For example, Zabel and Guignet (2010) compare properties that are very close to underground storage tanks with those that are slightly further away. However, it is not possible to implement this approach for Cook County because brownfields are clustered so closely together. For example, consider a particular SRP site in Figure 3 . The -treatment‖ group may include all properties located within 0.25 miles of the site, 8 The possibility of reverse causality precludes a potential approach to addressing the first source of bias, which would be to add to equation (2) ). In that case, would be identified by variation in the timing of certification, in effect comparing the values of properties near SRP sites certified in one year with the values of properties near SRP sites certified in other years. That would address bias caused by unobserved variables correlated with the gravity measure in the cross section, but the reverse causality argument suggests that the timing of certification is endogenous because the owner of the brownfield elects whether and when to enter the SRP.
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in which case the -control‖ group includes all properties 0.25-0.5 miles from the site. Figure 3 shows that most SRP sites are within 0.5 miles of another site. Therefore, many of the properties in the control group for the particular site would actually be located close to another SRP site.
The proximity to the other site invalidates the use of these properties as a control group.
The alternative approach that I take is to add controls to equation (3) that address each of the three issues discussed above. I assume that it  is composed of four terms: a property's proximity to industrial sites, local amenities, local property value trends, and changes in the equilibrium values of house characteristics.
I address the first issue-correlation between SRP density and proximity to industrial areas-by conditioning on a property's proximity to CERCLIS sites. This takes advantage of the timing of Superfund and the SRP. Figure 1 shows that nearly all sites in CERCLIS are archived by 1995, which is precisely when sites were beginning to enter the SRP in large numbers. I define 0 i CG as the distance to CERCLIS sites, which is computed analogously to as the sum of the inverse distance between the property and all sites in CERCLIS that were archived prior to 1996. 9 In addition to controlling for the property's proximity to CERCLIS sites, I include interactions of this variable with a set of year fixed effects. 10 The interactions allow the CERCLIS variable to affect property values by different amounts over time.
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Next is the possibility that certification is correlated with amenities other than those captured by the CERCLIS variables. I allow such amenities to vary at a very local level and construct a rectangular grid for Cook County such that each side has a length of 0.25 miles; the sides are approximately two city blocks long. Alternatively, I could use neighborhood fixed 9 Because active or deleted NPL sites are typically much more contaminated than archived CERCLIS sites, the relationship between NPL sites and nearby property values is probably different from that of CERCLIS sites. Consequently, the CERCLIS gravity measure does not include the single NPL site in Cook County. This site does not affect the main empirical results, which are nearly identical to those reported in Table 3 omitting properties within one mile of the NPL site. 10 The CERCLIS variables control for proximity to past industrial activity. As a sensitivity check in the next section, I use data from the Toxic Release Inventory to control for contemporaneous industrial activity. 11 It is not precisely true that the SRP began after most CERCLIS sites were archived. Of the 2,916 sites in the SRP, 52 entered prior to 1996, which suggests that a small amount of bias may result from beginning the sample in 1993 rather than 1996. I prefer to use the longer sample to avoid dropping too many sales observations, but I note that the main coefficient estimate is similar, although slightly smaller, using the years 1996-2007 to estimate the regression equation rather than 1993-2007. Likewise, the results are similar if the CERCLIS density variable is constructed using only CERCLIS sites archived prior to 1989.
effects, but the use of the grid squares is motivated by the observation that, in the cross section, most variation in property values is across grid squares rather than across neighborhoods. As I report below, a regression of property values for 1989-1991 (i.e., prior to the estimation sample), on grid square fixed effects has a very high R-squared. Therefore, the grid squares are likely to capture a large share of unobserved amenities. Another approach would be to use Census block group fixed effects rather than grid square fixed effects. In practice, the number of grid squares is similar to the number of block groups, and the results are similar using the two approaches. 13 The five-year time intervals are for convenience when reporting coefficients in Section 3.2, and the results are similar using shorter time periods. Unfortunately, characteristics are measured only in 2003, making it impossible to allow the characteristics to vary over time.
I estimate the following equation (4) with the other approach in Section 4.6.
Property Data and Summary Statistics
Here, I describe the data, present summary statistics, and provide some preliminary evidence that the variables in equation (4) The assessment data include standard characteristics of the house, such as the number of bedrooms, square footage of the building, and square footage of the parcel. Each property's address was geocoded, and variables were constructed describing the property's location, such as the proximity to a subway stop (i.e., the -El‖), the distance to Lake Michigan, and the distance to the center of Chicago. Table 1 Table 2 provides some final descriptive information. Each column reports a separate hedonic regression in which the dependent variable is the log of the sales price for property i in year t and the regressions include all of the property characteristics in the data. The following equation is estimated
where i X is a vector of attributes of the property that includes the same variables as reported in Table 1 as well as neighborhood fixed effects. Each column includes observations from the indicated five-year time period.
The regressions do not include any variables for brownfields, and the purpose of reporting the coefficients here is to demonstrate two points. The first is that, although most of the coefficients are fairly stable over time, some of the coefficients do vary quite a lot, such as the coefficient on log building area. Because certifications increase over time in aggregate (see Figure 7 shows the distributions of demeaned log sales prices for properties in each of the four quartiles. Panel A plots the distribution of the log sales price, and the two lower panels plot the distributions of the residuals from regressions of demeaned log sales price on the indicated control variables. The figure shows that the distributions for the four quartiles are very similar to one another when all control variables are included; pairwise tests fail to reject the hypothesis that the means are equal. The results therefore suggest that the control variables in equation (4) effectively address reverse causality and omitted variables bias.
Estimated Effects of Certification on Nearby Property Values
This section reports the estimation results. The main conclusion is that, using the gravity measure of brownfields concentration, the certification of a site 0.25 miles away raises property values by about 1 percent. The estimate is fairly robust across a variety of specifications. Table 3 reports estimates of equation (4) Throughout, standard errors are clustered by neighborhood to allow for correlation within a neighborhood and over time.
Effect of Entering the SRP and Certification: Gravity Measure
14 Above, I argued that certification is likely to have a larger effect on property values than entry. Column 1 uses entry or certification in the same year as the sale to compute the gravity variables and includes the full set of controls in equation (4). Comparing the column 1 estimates in the two panels, certification appears to have a larger effect than entry, which is consistent with expectations. Furthermore, if I include both entry and certification in the same regression, the coefficients on both variables are positive (not reported). They are not statistically significant, however, perhaps because they are highly correlated. Together with the estimates reported in the 14 Standard errors are clustered at this level to address the possibilities of local trends in property values and of lagged effects of the SRP on property values. Clustering at this level appears to yield larger standard errors than clustering more finely. For example, for the specification in column 2 of Table 3 , the standard errors are about half as large clustering by neighborhood and year rather than clustering by neighborhood. Columns 1 and 2 compare the results from computing the gravity variable based on entry or certification in the same year (column 1), and the results from computing the gravity variable based on cumulative entry or certification since the start of the SRP. The latter specification is more likely to capture the entire effect of entry or certification because it allows for the possibility that owners of nearby properties learn about entry or certification with a lag or the possibility that redevelopment lags certification. The coefficient on the cumulative variable is about 50 percent larger in both the entry and certification regressions. This suggests that much of the effect of entry or certification on property values occurs within one year. 16 Because the estimates in column 2 are larger than those in column 1, some of the effect of entry or certification probably occurs with a lag. Consequently, the remaining analysis uses the cumulative gravity variable, and I refer to column 2 in Panel B as the baseline.
The baseline estimate is statistically significant at the 1 percent level, and the magnitude suggests that certifying a site raises the values of properties 0.25 miles away by about 1 percent.
The elasticity of property values to the gravity measure is 0.022.
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The other columns in Table 3 compare the estimates of when sequentially adding the control variables in equation (4). Column 3 includes only neighborhood fixed effects and the property characteristics from Table 3 , and therefore does not account for reverse causality or amenities at the subneighborhood level. The coefficient is much larger than the baseline in column 2. Compared to column 3, allowing the coefficients on the property characteristics to 15 As noted above, very few characteristics of the SRP sites are included in the public database; this makes it difficult to assess whether the effects of certification vary across different types of sites. It is possible to test whether effects on property values are different for CERCLIS sites or drycleaners in the SRP. However, the SRP includes only 111 CERCLIS sites, which makes it difficult to detect an effect of their entry or certification. Although drycleaners are likely to have some contamination, they tend to be relatively small sites, making certification less likely to have a large effect on property values. In practice, the certification of CERCLIS sites or drycleaners does not have a noticeable effect on nearby property values. 16 One of the specifications in the robustness analysis, in Section 4.4, further confirms that property values respond with some lag to certification. Using certification from the previous two years yields smaller estimates than using certifications in all previous years (see column 5 in Table 6 ). 17 As Figure 2 shows, the concentration of SRP sites is much greater within Chicago than elsewhere in Cook County. The greater density suggests that the relationship between certification and nearby property values may be different for Chicago than for the rest of the county, but the results are fairly similar, although smaller, for Chicago.
Restricting the sample to properties in Chicago, the elasticity of nearby property values to the gravity index is 0.015.
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vary across periods (column 4) and adding the CERCLIS gravity-year interactions (column 5)
does not affect the results, although the CERCLIS variables are negative and statistically significant as expected. In column 6, adding grid square fixed effects to control for unobserved amenities causes the estimate to decrease substantially. The decrease suggests that some unobserved characteristics vary at the grid square level and are correlated with the gravity variable; it also demonstrates the importance of including such detailed geographic controls.
Recall that in Table 2 , some of the coefficients on the property characteristics, such as the fireplace dummy variable, suggested that omitted variables were correlated with the characteristics. However, adding the grid square fixed effects causes the coefficients to be much more reasonable-the coefficient on the fireplace dummy, for example, decreases from about 0.15 to about 0.02. Sections 4.5 and 4.6 present further evidence that the control variables in the baseline specification substantially reduce bias caused by omitted variables or reverse causality.
To summarize, Table 3 shows three main results. First, both entry and certification have positive effects on property values. Second, the estimate of is positive and statistically significant in the baseline specification, which is column 2 in Panel B. Third, the other columns show the particular importance of including grid square fixed effects.
Effect of Entering the SRP and Certification: Distance from Property
Section 3.1 noted that the gravity measure has the advantage of summarizing brownfields density in a single variable. The disadvantage is that it imposes a functional form assumption on the relationship between distance and the sales price-specifically, that the log price varies inversely with distance.
To assess whether this assumption affects the results, Table 4 reports the same specifications as Table 3 , except using a series of count variables instead of the gravity variable. The baseline specification in column 2 of Panel B shows several results. First, the effects for sites 0.125-0.25 miles away are similar to those for sites less than 0.125 miles away. Further than 0.25 miles away, the coefficients decrease steadily. This pattern suggests that certification (or perhaps subsequent redevelopment) may have a small negative effect on the very closest properties, but that this effect is quite localized. Unfortunately, the lack of data on the characteristics of the certified sites themselves makes it impossible to investigate the reasons for this result.
Second, except for the sites within 0.125 miles, the coefficients exhibit the expected pattern of decreasing with distance to the certified site. The decrease in the coefficients is roughly consistent with the gravity measure used in Table 3 and property values; the gravity variable is appropriate if the solid line is reasonably close to the boxed line. Some of the coefficients lie above the gravity equation line, and in a few cases the difference is statistically significant. However, I demonstrate, in two ways, that the difference is not economically large. First, the implied average effect of the SRP on property values is similar using the estimates from Table 3 and Table 4 -that is, about 2 percent. Second, the largest deviation in Figure 8 is for sites within 0.125 miles of the property, but the estimated effect of the SRP on average property values is similar to the baseline using the gravity equation but omitting properties within 0.125 miles of a certified site. Because of these results, the remaining analysis uses the gravity index; the main conclusions are the same using the count variables.
Results by Price Decile
Gamper-Rabindran and Timmins (2012) find that remediation of Superfund sites has a larger effect on property values at the lower end of the price distribution than at the upper end. A similar effect would occur for brownfields if property values in poorer neighborhoods are depressed more (in percentage terms) by a failure to redevelop brownfields; in that case, certification would have a larger effect in poorer areas than in wealthier ones.
I take an approach similar to Gamper-Rabindran and Timmins by assigning each property to 1 of 10 deciles based on the median property value for the corresponding grid square during the presample period, 1989-1991. Table 5 shows estimates of using the baseline specification and restricting the sample to each of the 10 deciles in columns 1-10. Overall, the estimates suggest that the effect of remediation is, in fact, larger for the lower price deciles. The average coefficient for the bottom five deciles is about twice the average coefficient for the top five deciles, and the difference is statistically significant at about the 1 percent level. 
Functional Form Assumptions
Tables 6-8 report a number of variants of the baseline specification. Columns 1 and 2 of Table 6 show that outliers do not affect the estimate of . Column 1 omits the top and bottom 5 percent of the price distribution and the estimate is quite similar to the baseline. For column 2, I estimate the baseline regression and compute the ratio of the residual to the dependent variable.
Dropping the top and bottom 5 percent of the distribution of the ratio and reestimating equation (4) does not affect the point estimate.
In a given year, the gravity variable varies considerably across properties. This suggests that a log-linear model may be more appropriate than the baseline, which imposes the assumption that an additional certification has the same effect on property values whether the concentration of brownfields is high or low. In column 3, the elasticity is 0.008. This should be compared to column 4, which uses the level of the gravity variable rather than the log, but restricts the sample to observations with positive values of the gravity variable to match with column 3, which only includes such observations by construction. The elasticity in column 4 is 0.017, which is about twice the elasticity in column 3. This suggests that the baseline estimates may somewhat overestimate the effect of the SRP, but most other reported specifications in this paper are very similar to the baseline.
The baseline specification uses a gravity measure computed as the cumulative sum of the inverse distance of all past certifications. Column 5 shows that the estimate is considerably smaller using the certifications in the current and two previous years rather than in all previous years. The estimate using the current and previous four years is close to the baseline (not reported). These results suggest that there is some lag between certification and the increase in nearby property values. The lag is consistent with the hypothesis that redevelopment following certification raises nearby property values.
Omitted Variables and Reverse Causality
The remainder of Table 6 and Tables 7 and 8 The baseline specification uses the interaction of the presample median price with time fixed effects, allowing for the possibility that trends are correlated with the presample price-in other words, that prices are mean-reverting. Alternatively, the trends may be persistent, in which case it would be more appropriate to use interactions of presample trends with year fixed effects.
Column 6 of Table 6 shows that using trends rather than levels does not affect the results.
Equation (4) Consequently, I impose the assumption that facilities in the same industry have the same effect on property values. However, the effect can vary across industries and years. I compute a gravity index for each of the 209 four-digit SIC industries in the TRI data. I estimate a separate coefficient on the gravity index for each industry and year, which allows for industry-specific annual fluctuations in emissions, perceived risks, and other factors associated with the facilities.
Column 8 shows that adding these variables reduces the estimate of by about one-quarter, but the estimate is statistically significant.
Another potential concern with the baseline specification is that borrowing costs may affect property values and that borrowing costs varied considerably over the sample period. The time fixed effects control for the average effect of borrowing costs on property values, but borrowing costs could differentially affect property values. Column 9 adds to the baseline the interactions of borrowing costs, as measured by the real interest rate (the difference between the interest rate including fees and charges and the Consumer Price Index), with the property characteristics in Table 1 . Adding these interactions does not affect the results.
A more flexible way of addressing the possibility of omitted and time-varying variables correlated with brownfields density is to include interactions of neighborhood fixed effects with time trends. This approach controls for localized trends that may not be fully controlled for using the presample variables. Column 10 includes interactions between neighborhood and linear and quadratic time trends. The results are quite similar to the baseline. Table 7 addresses the possibility of reverse causality, in which positive trends cause certification. If this is true, and the trends persist across multiple years, the trends should be correlated with future entry and certification. Therefore, the estimate of would decrease if leads of certification are added to the baseline. The coefficient on future certifications itself is harder to interpret; the coefficient could be positive either if past and future certifications are positively correlated or if housing market participants anticipate the effects of future certification on property values. In either case, in the absence of reverse causality, the coefficient on future certifications would be positive, but the coefficient on past certifications would be similar to the baseline. Columns 1-4 of Table 7 use leads of varying length for the main sample.
19 Although future certification is correlated with property values, the main coefficient is not affected.
Column 5 shows that the coefficient on certification is larger using the years instead of the baseline sample, but the average effect of the SRP on property values is about 2 19 To prevent spurious correlation, the leads variables reflect certification of sites that were not previously in the SRP in the given year. To see this, suppose that the one-year lead for time t includes all sites that are certified in year t + 1. Some of those sites may have already entered the SRP in year t, in which case, adding the one-year lead would cause the estimate of to decrease even if reverse causality is not present. Therefore, the leads variables exclude sites that had already entered the SRP as of year t.
percent, which is similar to the baseline. The results in columns 6-9, which include leads, are similar to those for 1-4, and suggest that reverse causality does not bias  . Table 8 compares the baseline estimates with several other approaches to addressing bias from omitted variables or reverse causality. First, Table 3 showed that adding grid square fixed effects reduces the estimate of substantially. Because property characteristics are highly correlated within a grid square, the decrease raises the possibility that there are omitted, but timeinvariant, local amenities at the subgrid square level or that unobserved property characteristics are correlated with the independent variables. To address these possibilities, column 2 of Table 8 uses a repeat sales estimator by including property fixed effects and restricting the sample to include only properties that are sold at least twice during the sample. The estimate should be compared to the estimate in column 1, which uses the same sample as column 2 but includes grid square fixed effects rather than property fixed effects; the two estimates are nearly identical.
Other Regression Models Accounting for Omitted Variables and Reverse Causality
The few existing brownfields hedonics studies, such as Leigh and Coffin (2005) , have attempted to control for local amenities using fixed effects at the Census tract or higher levels of aggregation. For comparison with the baseline and the repeat sales estimator, column 3 includes a set of Census tract fixed effects in place of the grid square fixed effects. The estimate of is similar to the baseline in Table 3 .
One concern with including grid square fixed effects to control for local amenities is that the fixed effects could exacerbate measurement error in the gravity variable and bias toward zero. Column 4 compares the estimates using equation (4) sales prices and lags of the independent variables control for unobserved property-specific variables. The specification includes property characteristics, the Census gravity variable, the presample grid square price, neighborhood fixed effects, and lags of the sales price and gravity variable; importantly, the regression does not include grid square fixed effects. I modify the Bajari et al. approach slightly so that the sample matches that of columns 1 and 2 and includes all repeat sales as well as interactions between the number of years since the last sale and the independent variables (including all main effects). The estimate in column 4 of Table 8 is about twice as large as that in column 1, but it is much smaller than the estimates in columns 3-5 of Table 3 , which likewise do not include grid square fixed effects. Thus, the results using the grid square fixed effects or using the rational expectations estimator imply that the SRP has raised property values by broadly similar amounts, by 2-5 percent. Across all the reported specifications, the overall effect of the SRP ranges from 1 to 5 percent, with most specifications suggesting around 2 percent.
Conclusions
In this paper, I investigate the effect on nearby property values of the Illinois brownfields program, the SRP. In the SRP, the state certifies that sites can be used in certain ways without This paper is among the first to estimate the effect of state brownfields certification programs on property values. Besides examining other programs, future work should address a number of questions. First, the IEPA does not provide data on administrative costs, private cleanup costs, or public cleanup costs, making it impossible to perform a rigorous comparison of the program's costs and benefits. Although these costs are likely to be much lower than the costs of Superfund, additional research is needed to perform such an analysis. Second, the initial motivation for programs such as the SRP was to offset the depressing effects of CERCLA on redevelopment and nearby property values. It is unclear how the estimated increase in property values compares with this initial decrease. Finally, because certification affects the values of nearby properties, in the long-run equilibrium (i.e., allowing for changes in the housing stock), certification affects development and values of properties throughout the region (Jenkins et al. 2006) . Understanding these effects is important for evaluating the overall costs and benefits to society of brownfields programs, but very few studies have examined them. Notes : The figure plots the average price, median price, 10th percentile, and 90th percentile of the sales price by year for all properties in the estimation sample, in current dollars. 1993-1997 1998-2002 2003-2007 Figure 6. Median Sales Price (2005 -2007 and Percentage Change (1993 Change ( -2007 Notes [1983] [1984] [1985] [1986] [1987] [1988] [1989] including properties in each of the four quartiles. Panel B plots estimated density functions of the residuals from a linear regression of the demeaned log sales price on the property characteristics in Table 1 , neighborhood fixed effects, and year fixed effects. The median grid square price is computed using sales prices in 1989-1991. Panel C plots density functions of residuals from a linear regression that adds grid square fixed effects, CERCLIS gravity-year interactions, and median grid square price-year interactions. Notes : The solid curve without boxes plots the estimated coefficients from column 6 in Table 4 (5), where each column includes sales from the indicated fiveyear time period. Standard errors are in parentheses and are clustered by neighborhood. Besides the reported independent variables, all regressions include year fixed effects; neighborhood dummies; and dummies for an attic, a finished attic, a basement, and a finished basement. The age of the house is divided by 10. Table  2 . In Panel A the gravity variable is computed using the year of entry into the SRP, and in Panel B the gravity variable is computed using the year the SRP sites receive NFR letters. In column 1 the gravity variable is computed using sites that enter or receive a letter in the same year as the sale. In columns 2-6 the gravity variable includes all sites that enter or receive a letter in all previous years. Periods are defined for five-year time intervals from 1993 to 2007. Columns 1-2 and 4-6 include the interactions of the house characteristics with a set of period fixed effects. Columns 1-2 and 5-6 include a gravity measure computed from CERCLIS sites that are archived no later than 1995. Columns 1-2 and 6 include grid square fixed effects to column 4. Columns 1-2 include interactions of year fixed effects with the CERCLIS gravity variable, as well as interactions of year fixed effects with the median grid square house price from 1989-1991.
New entry (gravity)
New NFR letter (gravity)
Cumulative entry (gravity) Table 3 except that the regressions replace the gravity measure with a set of variables measuring the total number of sites located a given distance from the property. The total number of entering sites is computed for various distances (in miles) from the property, and similarly for the total number of new NFR letters. Column 1 includes these variables as independent variables. Columns 2-6 include the sum since 1990 of each of these variables. Table 3 . The median house price is computed for each grid square over 1989-1991. Each grid square is assigned a decile from lowest to highest median house price. Each column reports a separate regression in which the sample is restricted to include properties located in grid squares that belong to the decile indicated at the top of the table. Table 3 except as indicated in the column headings. For each year, the 5th and 95th percentiles of sales price are computed. Column 1 omits observations below the 5th and above the 95th percentiles. Residuals are computed from the specification in column 6 of Panel B in Table 3 . Column 2 omits observations below the 5th and above the 95th percentiles of the ratio of the residual to the dependent variable. Column 3 uses the log of gravity rather than the level. Column 4 omits observations for which the gravity measure equals zero. Column 5 uses NFR letters in the current and past two years to compute the gravity measure rather than all current and past NFR letters. The median price by grid square is computed for the years 1983-1985 and 1989-1991 . Column 6 adds interactions of year dummies with the percentage growth in median property value between 1983-1985 and 1989-1991 . Column 7 includes a gravity measure for all CERCLIS sites archived after 1995. The inverse distance is computed between each property and each Cook County facility in the Toxic Release Inventory (TRI) data. Gravity indexes are computed for each of the 209 4-digit SIC industries. Column 8 includes the interactions of year fixed effects with the 209 gravity indexes. Column 9 includes the interactions of the real mortgage rate with the property characteristics in Table 1 . Column 10 includes interactions of neighborhood fixed effects with linear and quadratic time trends.
Archived CERCLIS (gravity)
(2) (3) (4) (5) (6) (7) (8)
Specification 1-year lead 2-year lead 3-year lead 4-year lead Table 3 except as indicated in the column headings. Column 1 adds a gravity measure computed from sites that received NFR letters in the next year, but which had not entered the SRP in the current year or earlier. Column 2 adds the gravity measure based on sites that received NFR letters in the subsequent two years, but which had not entered the SRP in the current year or earlier. The three and four-year leads are constructed similarly in columns 3 and 4. Column 5 includes all sales from the years 1983-2007 and omits the CERCLIS controls and interactions of the year dummies with the 1989-1991 median grid square sales price. Columns 6-9 add to column 5 the corresponding lead NFR variables from column 1-4. Notes : Standard errors are in parentheses and are clustered by neighborhood. Column 1 repeats the baseline specification from Table 3 using properties that are sold at least twice from 1993 to 2007. Column 2 uses the same sample as column 1 and includes property fixed effects instead of grid square fixed effects. Column 3 uses the same sample as in Table 3 and includes Census tract fixed effects instead of grid square fixed effects. Column 4 reports the specification from Bajari et al. (2012) . Besides the reported gravity index, the regression includes interactions of the number of years since the prior sale with the lag property value, lag of the gravity index, the CERCLIS gravity variable, the presample grid square median price, and the property characteristics used in the baseline regression. The regression also includes neighborhood fixed effects.
